Motivated by the recent work [1] by one of the present authors, we here report that there exist two additional systems, namely, D3/(F, D1) and D3/(D3, (F, D1)), either of which can also give rise to a potentially testable open string pair production rate. Here the D3 is taken as our own (1 + 3)-dimensional world carrying its laboratory collinear electric and magnetic fluxes while the non-threshold bound state (F, D1) or (D3, (F, D1)) is placed parallel nearby in the directions transverse to both our D3 world and the non-threshold bound state considered.
Introduction
In a recent publication by one of the present authors [1] , we report an earthbound laboratory potentially testable open string pair production rate for a system of D3 brane, taken as our own (1 + 3)-dimensional world and carrying collinear laboratory electric and magnetic fluxes, and a nearby D1 brane, placed parallel at a separation in directions transverse to both branes. This was motivated by a series of publications by this same author and his collaborators [2, 3, 4, 5] in uncovering the existence of open string pair production, in the spirit of Schwinger pair production in QED [6] , for a system of two Dp branes, placed parallel at a separation, with each carrying electric and magnetic fluxes in Type II superstring theories 1 .
However, to actually realize the laboratory testable rate, as discussed in [1] , we do need the underlying system of D3/D1 to meet certain conditions which are: 1) there should exist a D1 nearby our D3 in the directions transverse to both, 2) the separation between the two is πl s with string scale l s = √ α ′ , 3) the detection has to be performed during a very short period of time when the brane separation satisfies the previous condition since the force acting between the two is attractive and after this the tachyon condensation will start to occur and the open string pair production rate computed then ceases to work, and 4) the open string and the anti open string connecting the D3 and the D1 with their respective length πl s should have their two charged ends on our D3, appearing as the charged/anti-charged pair to our D3 brane observer, to fall in the laboratory in our D3 so that the detection is possible and this requires the laboratory to be placed at a location with a transversing axis parallel to the D1 with their separation around πl s . Meeting all these simultaneously is certain not an easy task and this makes the detection of the open string pair production still extremely difficult if not possible.
To improve the detectability, we may either look for more possibilities for a testable rate or a testable rate with less requirements. Either of these will enhance our chance for a detection.
In this paper, we will discuss both by considering the D3/(F, D1) system for the former and D3/(D3, (F, D1)) for the latter. In other words, we will replace the D1 mentioned above for the system of D3/D1 by the present (F, D1) or (D3, (F, D1)). Here (F, D1) stands for the non-threshold bound state of fundamental strings and D1-branes [9, 10] with their respective co-prime quantized integral charge (p ′ , q ′ ). From the viewpoint of the D1 worldsheet, the F-strings are given by a quantized flux [10, 11, 12, 13] . (D3, (F, D1)) is the non-threshold bound state of D3-branes and the delocalized non-threshold bound state (F, D1) [14, 15] , characterized by three integers (n ′ , (p ′ , q ′ )) without a common divisor. From the D3 brane worldvolume viewpoint, the delocalized (F, D1) non-threshold bound state is given by collinear quantized electric and magnetic fluxes. This paper is organized as follows. In the following section, we will focus on the system of D3/(F, D1). In section 3, we will move to discuss the system of D3/(D3, (F, D1)). We will discuss and conclude in section 4. 2 The open string pair production: D3/(F, D1)
For this system, we consider that our D3 carries laboratory collinear electric fluxf and magnetic fluxĝ while the D1 carries a quantized electric fluxf ′ as followŝ
where bothF 3 andF ′ 1 are dimensionless and the quantized electric flux
with p ′ and q ′ two co-prime integers. Here q ′ denotes the multiplicity of D1-branes and p ′ the number of F-strings, and g s the string coupling. We denote also ∆ (p ′ ,q ′ ) = p ′2 + q ′2 /g 2 s for simplicity. Note that we need to keep g s ≪ 1 such that the D-branes used can be treated as rigid ones at least to the probe distance not much smaller than the string scale l s as discussed in [16] . In the following, we take g s = 10 −2 as a sample small coupling for later concrete discussion. To compute the pair production rate, we first compute the closed string tree-level cylinder amplitude between the D3 and the D1. This can be read from the last equality of the general one given in (136) in [16] for p = 3, p ′ = 1 2 as
where y is the brane separation along the directions transverse to both D3 and D1, |z| = e −πt < 1, V 2 the volume of D1 worldvolume, α ′ the Regge slope parameter, and the so-called electric parameterν 0 and the magnetic parameter ν 1 are determined by the electric fluxes (f ,f ′ ) and the magnetic one (ĝ), respectively, via
withν 0 ∈ [0, ∞), ν 1 ∈ (0, 1). In the amplitude (3), we have added an integer factor q ′ , counting the multiplicity of D1-branes. Note that the dimensionless flux (denoted with a hat above) here is defined viaF = 2πα ′ F with F the usual dimensionful field strength (without a hat above). So we have |ĝ| ∈ [0, ∞) and |f |, |f ′ | ∈ [0, 1) with unity here as the critical value of the respective electric flux. Unlike what we did in [1] wheref ′ = 0 is chosen, we here considerf ′ = p ′ /∆ 1/2 (p ′ ,q ′ ) which can be much larger than the laboratoryf even for small integers p ′ and q ′ as well as a small string coupling g s . We will illustrate this numerically later on. In other words, the electric parameterν 0 , from (4), can be completely determined by this flux in practice and is much larger than the one considered in [1] . This certainly enhances the open string pair production rate and this will also, to some extent, relax the four conditions mentioned in the Introduction.
Note also that the above amplitude (3) is strictly positive for large y and this remains true even if we turn off our D3 worldvolume fluxes, i.e., by settingf = 0,ĝ = 0 (thereforē ν 0 = 0, ν 1 = 1/2 from (4)), hence giving an attractive interaction between the D3 and the (F, D1) according to our conventions 3 . This indicates that the underlying system does not preserve any supersymmetry, consistent with the known fact. For large y, the dominant contribution to the amplitude comes from the large t integration, due to the exponentially suppressing factor Exp[−y 2 /(2πα ′ t)] in the integrand, and the amplitude is therefore positive since every factor in the integrand is positive, so giving an attractive interaction. However, the nature of the amplitude is obscure for small y. Now the small t integration becomes important and the factor [1 − 2|z| 2n cosh 2πν 0 + |z| 4n ] ≈ 2(1 − cosh 2πν 0 ) in the denominator of the infinite product in the integrand of (3) can be negative for small t. Once this happens, the sign of the amplitude is ambiguous since there are an infinite number of such factors in the product. This ambiguity actually indicates a potential new physics to occur and the best way to decipher this is to pass the closed string cylinder amplitude to the corresponding open string one-loop annulus one via a Jacobi transformation 4 by sending t → 1/t. The resulting annulus amplitude is
where |z| = e −πt continues to hold. Except for the factor sin πν 0 t, all other factors in the integrand are positive since 1−2|z| 2n cos 2πν 0 t+|z| 4n > 1−2|z| 2n +|z| 4n = (1−|z| 2n ) 2 > 0 and 1 − 2|z| 2n cosh 2πν 1 t + |z| 4n = (1 − e 2πν 1 t |z| 2n )(1 − e −2πν 1 t |z| 2n ) > 0 since ν 1 < 1 and n ≥ 1. In particular, the integrand gives a potential tachyonic instability when t → ∞ since it blows up
when y < π √ 2ν 1 α ′ . This is due to the existence of the so-called tachyonic shift ν 1 /2. As we will see, this shift will also give rise to the enhancement of the open string pair production. The aforementioned factor sin πν 0 t actually gives rise to an infinite number of simple poles of the integrand at t k = k/ν 0 with k = 1, 2, · · · along the positive taxis, reflecting the existence of an imaginary part of the amplitude. This imaginary part indicates the decay of the underlying system via the so-called open string pair production. The decay rate can be computed as the sum of the residues of the integrand in (5) at these poles times π per unit worldvolume following [7] as
where
with |z k | = e −πk/ν 0 . Following [17] , the rate for the open string pair production corresponds just to the leading k = 1 term of the above decay rate and it is
With the above computed open string pair production rate, we can now discuss the possibility of detecting the pair production. Suppose that the D3 is the (1 + 3)-dimensional world we are living in and there exists a nearby (F, D1) in the directions transverse to our D3. For practical purpose, we can only control the sizes of the collinear electric and magnetic fields on our D3, both of which are in general very small compared with the string scale. The possible largest static electric field 5 which can be realized in an earthbound laboratory is E ∼ 10 10 Volt/m which gives eE ∼ 10 −8 m 2 e ∼ 2.5×10 −21 TeV 2 with m e the electron mass (The largest static magnetic field gives also eB ∼ 10 −8 m 2 e ∼ 2.5 × 10 −21 TeV 2 , see footnote (5)). Note that the lowest experimental bound for the string scale M s = 1/l s is a few TeV, see [19] , for example.
Givenĝ ≤ 10 −21 ≪ 1, we have ν 1 1/2 from (4). Note that the quantized electric fluxf ′ < 1 from (2) since p ′ , q ′ ≥ 1 but it is still in general much larger than the applied f ≤ 10 −21 . So we can completely ignoref in general and have from (2)
In general, the larger the electric fluxf ′ is, the larger the pair production rate. This can be easily seen from the rate given in (9) since the exponential factor Exp[− y 2 2πα ′ν 0 ] dominates the rate among other things. It is clear from (11) that the largest possiblef ′ can be reached for q ′ = 1. For not too large p ′ (see [20] ), say p ′ = 10 for example, we havef ′ ≈ g s p ′ = 0.1 if g s = 10 −2 as given earlier. We can also writef
We have then, from (11), πν 0 ≈ g s p ′ →ν 0 = g s p ′ /π = 1/(10π). With thisν 0 , we have |z 1 | = e −π/ν 0 = e −10π 2 → 0 , which implies the factor (10) Z 1 (ν 0 , ν 1 ) ≈ 1 for the rate (9) . In other words, only the lowest-mass modes of the open string connecting the D3 and the D1, with each having mass m = y/(2πα ′ ), contribute to the rate (9) when |z 1 | → 0.
These modes, due to either the open string or the anti open string, are just the eight bosonic modes 8 B and eight fermionic modes 8 F from the 10 dimensional viewpoint, which are the usual massless ones when y = 0. From the D3 brane viewpoint, these modes just give rise to the broken N = 4 supersymmetric and broken U(1) massive super Yang-Mills modes, which are five massive scalars, four massive spinors and one vector in 4-dimensions. As discussed in detail in [1] , the original U(2) → U(1) × U(1) when y = 0 and for the two broken generators, one gives the mass m = y/(2πα ′ ) for the modes associated with the open string and the other gives the same mass for the modes associated with the anti open string. Each of these modes from the open string carries, say, a positive unity charge while each of the modes from the anti open string carries a negative unity charge under the unbroken U(1) associated with our D3. So totally we have 16 pairs of charged/anti-charged modes contribute to the rate (9). Among these, we have five pairs of charged/anti-charged massive scalars, four pairs of charged/anti-charged massive spinors (counting 8 pairs of charged/anti-charged polarizations) and one pair of charged/anti-charged vectors (counting 3 pairs of charged/anti-charged polarizations).
As mentioned earlier and as discussed in [1] for D3/D1 system, the broken supersymmetries are due to the intrinsically quantized electric and magnetic fluxes associated with the (F, D1) even in the absence of the added laboratory small electric field f = 2πα ′ eE ≪ 1 and the small magnetic fliedĝ = 2πα ′ eB ≪ 1. As such, these modes actually have different mass splittings as we come to discuss next. As discussed in [1] as well as in [16, 21] , so long the amplitude (3) or (5) or the pair production rate (9) is concerned, the D1 appears effectively to our D3 as a stringy scale magnetic flux, giving rise to ν 1 = 1/2 in the absence ofĝ. This is also consistent with the fact that a co-dimensional 2 D-brane (here D1) can be taken as a constant magnetic flux in the original brane (here D3) [22, 23, 24] . Also as discussed in detail in [1] , following [25] , an open string with its two ends carrying charges placed in such a magnetic flux will have its mass splittings due to the Landau motion in this magnetic background and the spin coupling with the magnetic flux, just like a charged particle with spin moving in a given magnetic field. In particular, these massive charged modes, with respective to the D3 brane observer, appear as massive charged particles. Because if these splittings, different mode can have its different contribution to the pair production rate.
Note thatν 0 = 1/(10π) ≪ 1 as given earlier and further ν 1 /ν 0 ∼ 5π ≫ 1 (ν 1 ∼ 1/2), the pair production rate (9) becomes now
where we have defined an effective mass
with m = y/(2πα ′ ). Note also that this effective mass square is nothing but the one appearing in the square bracket of the exponential on the right of (6) when we discuss the tachyonic instability. As discussed in [1] , this pair production rate has contribution only from one pair of charged/anti-charged vector polarizations, with each polarization having the lowest energy or effective mass given by (13) . All the other 15 pairs of charged/anticharged polarizations have their masses higher than this one and give almost zero contribution to the pair production rate with respect to this one when ν 1 /ν 0 ≫ 1. The effective mass (13) gives also a tachyonic instability called the Nielsen-Olesen one for the non-abelian gauge theory of the 4-dimensional N = 4 U(2) super Yang-Mills [26] in the present context. Clearly it is related to the open string tachyonic instability mentioned earlier.
Note that the present rate (12) looks almost the same as that given in [1] for the D3/D1 system except for one important difference. For example, the effective mass in both cases is essentially the same as that 6 given in (13) with ν 1 ≈ 1/2. However, their sharp difference is the electric field appearing in the rate formula (12) . In the present case, the electric field E ′ is the one given by the quantized electric fluxf ′ = 2πα ′ eE ′ = g s p, giving eE ′ = M 2 s /(20π) which is much greater than the applied laboratory one with its current largest possible value eE ∼ 10 −8 m 2 e ∼ 10 −21 TeV 2 as discussed earlier. As such, the applied laboratory electric field can be completely ignored. However, for the latter rate, the electric field is just the applied laboratory one eE.
In order to detect the pair production, we need an electric field which is large enough to separate the virtual open string and the anti open string (or the charged/anti charged pair viewed from the brane world) once they are created. We can estimate this by setting the work done by the electric force acting on the charged/anti charged pair to separate them over their Compton length 1/m eff , i.e 2eE ′ /m eff , to equal their rest energy 2 m eff . This gives the standard condition for detecting the pair production as
Given that eE ′ is much larger than the corresponding laboratory eE, we expect that the detection of the present pair production should be much easier than that for the system of D3/D1 reported in [1] . Note thatf = 2πα ′ eE ≪ 1 andĝ = 2πα ′ eB ≪ 1, the present large rate is basically independent of the applied laboratory electric field E and the magnetic field B. So we have ν 1 ≈ 1/2. From (14) , we have that the detectable rate occurs at a brane separation y 0 ≤ y ≤ y 0 + 0.1l s with y 0 = πl s as the brane separation where the tachyonic instability starts to occur. However, for the detectable rate reported in [1] for the system of D3/D1, we need to have y 0 ≤ y ≤ y 0 + 2π × 10 −8 (m e /M s ) 2 l s ≈ y 0 + 10 −21 l s where we have taken the lower bound for the string scale M s = a few TeV [19] . This is much more restrictive than the above condition for the present case. In other words, the present consideration is at least much more favorable than the one for the D3/D1 system given in [1] in the sense that the detectable pair production occurs at a brane separation much larger than that for the latter system before the tachyon condensation starts to work. As a result, the four conditions mentioned in the Introduction are all relaxed, to certain extent.
3 The open string pair production: D3/(D3, (F, D1))
We now move to discuss the other system of D3/(D3, (F, D1)) which may give an even better choice for detecting the open string pair production. Here again the D3 is assumed to be our (1 + 3)-dimensional world and we will perform a laboratory detection of the open string pair production, say, by measuring the corresponding electric current produced by the charged/anti-charged ends of the open string pair. The non-threshold bound state (D3, (F, D1)) [14] is placed parallel to our D3 braneworld at a separation y along the directions transverse to both. Our D3 carries the same worldvolume fluxF 3 as given in (1) in the previous section. The non-threshold bound state (D3, (F, D1)) [14, 15] can be viewed as n ′ D3 branes carrying their following worldvolume quantized electric and magnetic fluxF ′
where the quantized electric fluxf ′ and magnetic fluxĝ ′ are, respectively, given [15] aŝ
The above three integers n ′ , p ′ , q ′ without a common divisor count the multiplicity of D3 branes, the quantized electric flux and the quantized magnetic flux, respectively.
The closed string cylinder interaction amplitude between the two D3 branes placed parallel at a separation y and carrying their respective worldvolume flux in the form as given in (1) and (15) has been computed by one of the present authors along with his collaborator(s) in [27, 2, 3, 16] and is given as
where |z| = e −πt < 1 and the parametersν 0 ∈ [0, ∞) and ν 1 ∈ [0, 1) are given, respectively,
By the same token as we did in the previous section, the present amplitude is also positive for reasonably large brane separation y and therefore the interaction is also attractive. As such, the underlying system does not preserve any supersymmetry. For small y for which the small t integration in the amplitude becomes important, each factor in the infinite product in the integrand can be negative and so the sign of the infinite product becomes indefinite again, signaling new physics to occur. This becomes manifest in terms of the corresponding open string variable. The corresponding open string one-loop annulus amplitude can be obtained once again by a simple Jacobi-transformation via t → 1/t to the right side of the first equality in (17) in a similar fashion as we did in the previous section and the amplitude is
where again |z| = e −πt < 1. Here again, except for the factor sin πν 0 t in the denominator of the above integrand, all other factors are positive. For large t, the integrand blows up when y < π √ 2ν 1 α ′ since it behaves
where the factor ν 1 /2 in the second term of the square bracket in the exponential is the tachyonic shift. The quantity y 2 /(2πα ′ ) 2 − ν 1 /(2α ′ ) as before defines the lowest energy square or the effective mass square of the open string, connecting our D3 and the other D3, which we will discuss later on. The aforementioned factor sin πν 0 t, as before, gives rise to an infinite number of simple poles of the integrand along the positive t-axis at t k = k/ν 0 with k = 1, 2, · · · , once again signaling the decay of the underlying system via the so-called open string string pair production. The decay rate can be obtained following the procedure given in the previous section as
where Z k (ν 0 , ν 1 ) is again given by (8) . The open string pair production rate is just the k = 1 leading term of the above rate, following [17] , as
This rate is the starting point of discussion in the present section. Previously, the rate was discussed forf ′ = 0,ĝ ′ = 0, for example, in [27, 2, 4] . Here we will focus on the quantized electric fluxf ′ and the quantized magnetic fluxĝ ′ as given in (16), respectively. There are actually three sub-cases to consider: 1) p ′ = 0, q ′ = 0 (f ′ = 0,ĝ ′ = 0); 2) p ′ = 0, q ′ = 0 (f ′ = 0,ĝ ′ = 0); 3) p ′ = 0, q ′ = 0 (f ′ = 0,ĝ ′ = 0). Note that once again in practice both the laboratory electric fluxf = 2πα ′ eE ∼ 10 −21 ≪ 1 and the laboratory magnetic flux g = 2πα ′ eB ∼ 10 −21 ≪ 1 as discussed in the previous section. We now discuss each of the sub-cases in order.
Sub-case 1) p ′ = 0, q ′ = 0: For this sub-case, we have from (16)
So for any finite q ′ , we haveĝ ′ being finite since n ′ ≥ 1. Sincef = 2πα ′ eE ≪ 1 and g = 2πα ′ eB ≪ 1, we have from (18)
where we assume q ′ > 0. We therefore have Z 1 (ν 0 , ν 1 ) ≈ 1. Given this and ν 1 /ν 0 ≫ 1 due to ν 1 being finine, the rate (22) becomes in the present sub-case as
where the effective mass is again given by (13) . Just like the case of the D3/D1, the contribution to the present rate comes also from the pair of the massive charged/anti charged vector polarizations with their lowest effective mass mentioned above while the other 15 pairs of massive charged/anti charged polarizations have each a vanishing contribution. This rate looks almost the same as that for the D3/D1 system reported in [1] except for one minor difference and one important difference. For the minor one, we have there ν 1 → 1/2 while for the present case we have a finite ν 1 in the range of (0, 1/2) for any finite q ′ along with n ′ ≥ 1. The larger q ′ and ν 1 are, the larger the rate is. The most efficient is to take n ′ = 1 and this will give the largest ν 1 for given q ′ . Note that the significance of the present rate is more or less the same as that reported in [1] for the system of D3/D1 as briefly summarized in the Introduction except for the important difference to which we come now. The first three conditions mentioned in the Introduction for the D3/D1 continue to apply here the fourth one becomes now trivial. In other words, unlike the case of D3/D1, our laboratory in the present context can be placed in any place in our D3 brane and there is no requirement for where the laboratory is placed. So this serves as the first example of the second scenario mentioned in the Introduction.
Sub-case 2 p ′ = 0, q ′ = 0: For this sub-case, we have from (16)
For not too large p ′ , say p ′ = 10, the smaller n ′ is, the largerf ′ . So we take n ′ = 1 for this sub-case. We will havef ′ ≈ g s p ′ = 0.1 if we take g s = 10 −2 as before. So we havê f ′ ≫f ∼ 10 −21 in practice. With this, we have from (18) tanh
From the above, we can haveν 0 ≈ g s p ′ /π = 1/(10π) ≪ 1 and πν 1 /ν 0 ∼ 10 −20 ≪ 1. The former implies Z 1 (ν 0 , ν 1 associated with our own D3. Note that the underlying supersymmetries are also broken by the presence of fluxes, in particular the quantized fluxf ′ . Further with ν 1 /ν 0 ∼ 10 −21 , the pair production rate (22) for the present sub-case becomes
where we have usedf ′ = 2πα ′ eE ′ with eE ′ = g s p ′ /(2πα ′ ) = M 2 s /(20π) and m = y/(2πα ′ ) the lowest mass for the above 8 B and 8 F modes of the open string or the anti open string.
In the presence of the applied laboratory magnetic fluxĝ, we expect the mass splittings for these charged modes [25] but these splittings, unlike the previous sub-case and the case discussed in the previous section, are insignificant, as indicated in the above rate, because of ν 1 /ν 0 ≪ 1. So we have here all 16 pairs of charged/anti-charged massive modes contributing to the pair production rate (28).
Note also that the rate itself is independent of the laboratory electric and magnetic fields in practice, similar to the case discussed in the previous section. The present rate is new and its detection, by the same token as discussed in the previous section, requires eE ′ = m 2 , which gives the brane separation y = l s π/5. In other words, when the D3 carrying the quantized electric fluxf ′ = g s p ′ = 2πα ′ eE ′ comes close to our D3 at the brane separation y ≤ l s π/5 ≈ 0.79 l s , the open string pair production can in principle be large enough to be detectable, say, as the electric current detected by our brane observer, up to the brane separation y 0 = π √ 2ν 1 l s ∼ 10 −10 l s at which the tachyon condensation starts to work as discussed around (20) . Note that we don't see the signal of this tachyon condensation from the pair production rate (28) but it appears in the decay rate for large k as expected from the discussion around (20) . Whenever this happens, our computations for the amplitude, say (19) , cease to work and so do the computations for the rates. So we need to have y > y 0 = π √ 2ν 1 l s . The present rate (28) has advantages over the rate (12) given in the previous section in terms of detectability even though the two cases have the similar electric fluxf ′ . For example, the present distance between the brane separation determined by eE ′ ≈ m 2 and the brane separation y 0 for which the tachyon condensation starts to work is almost 8 times larger than the corresponding one for the case given in the previous section even though the attractive forces as given in (19) and in (5) look comparable. So the first three conditions for the present sub-case are further relaxed even in comparison with the case discussed in the previous section. In addition, we don't have the constraint 4) mentioned in the Introduction and our laboratory can be in any place on our D3 brane just like the previous sub-case. Hence this looks like the best case so far so long the detectability is concerned.
Sub-case 3 p ′ = 0, q ′ = 0: This appears to be the most interesting sub-case for which we have, from (16) , bothf ′ = 0 andĝ ′ = 0. We again take not too large p ′ , say, p ′ = 10. With g s = 10 −2 , noting q ′ ≥ 1, n ′ ≥ 1, we have from (16) 
We have then from (18)ν
notingf ∼ĝ ∼ 10 −21 ≪ 1. Sinceν 0 < 1/(10π) and |z 1 | = e −π/ν 0 < e −10π 2 → 0, we have Z 1 (ν, ν 1 ) ≈ 1, once again indicating that at most the 8 B and 8 F modes from the open string and the same modes from the anti open string contribute to the pair production. From (30), ν 1 is in general less than 1/2 but they are on the same order in general. Combining all these, we have the present pair production rate from (22) as
where m eff is given by eq.(13) but in the present context and we have also usedf ′ = 2πα ′ eE ′ in the above. In obtaining the above rate from (22), we have taken πν 1 /ν 0 ≫ 1 such that we can replace both cosh πν 1 /ν 0 and sinh πν 1 /ν 0 by the exponential factor e πν 1 /ν 0 in the rate formulae. This remains true indeed given that ν 1 is in general on the order of 1/2. For example, for the sample case considered in the following, we have πν 1 /ν 0 = 5π 2 / √ 2 ≈ 35. So, just like the sub-case 1) and the case discussed in the previous section, only the pair of the charged/anti-charged vector polarizations with the above lowest effective mass m eff contributes to the above rate while the other 15 pairs of charged/anti-charged polarizations have their vanishing contributions to this rate.
To detect this rate, we want a possible largef ′ or eE ′ while also keeping ν 1 as large as possible. A sample choice of both from (29) and (30) is to take q ′ = n ′ = 1 and this giveŝ f ′ = g s p ′ / √ 2 = 1/(10 √ 2) and ν 1 = 1/4. So we have eE ′ =f ′ /(2πα ′ ) = M 2 s /(20π √ 2). To detect the rate, we need to have eE ′ ≈ m 2 eff which gives the brane separation, from (13) and with ν 1 = 1/4, as y = y 0 + 0.1 l s with y 0 = (π/ √ 2) l s the brane separation at which the tachyon condensation starts to work. In other words, we expect to be able to detect the pair production once the brane separation falls in the range of y 0 < y ≤ y 0 + 0.1 l s .
Note that the present rate (31) looks essentially the same as that (12) given in the previous section for the system of D3/(F, D1). Both of the cases have the same range of ∆y = 0.1 l s (y 0 < y ≤ y 0 + 0.1 l s ) for which both the rates can be detected potentially.
However, there is a big difference between the two. The case for the D3/(F, D1) system still needs the four conditions mentioned in the Introduction, though all of them are relaxed as discussed in the previous section. The present case, however, only needs the first three relaxed conditions as for D3/(F, D1) and the fourth one will be satisfied trivially as the previous two sub-cases discussed in this section. In other words, we don't need to put a constraint on where our laboratory is placed.
In summary, given the above discussion of all three sub-cases, each of them needs only to satisfy the first three mentioned in the Introduction (or the corresponding three relaxed conditions) but does not need the fourth one. So we fulfill what is promised in the Introduction.
Discussion and Conclusion
In this paper, we have considered two new systems, namely, D3/(F, D1) and D3/(D3, (F, D1)), for the purpose of seeking more and better possibilities to improve the detectability of the underlying open string pair production over the previously studied system of D3/D1 reported in [1] by one of the present authors. So long the detectability and/or the associated requirements are concerned, either of these two new systems appears to be in a better position than the D3/D1 one.
For the D3/(F, D1) system, the quantized electric flux gives a much larger electric field eE ′ ∼ M 2 s /(20π) with M s the string scale and being larger than a few TeV, see [19] , for example. While for the D3/D1 system, the corresponding electric field eE is a much smaller earthbound laboratory one whose present largest value is only on the order of 10 −8 m 2 e with m e = 5.1 × 10 −7 TeV, the electron mass. As such, the former gives us a much larger chance of detecting the open string pair production which has the contribution in both cases only from the pair of charged/anti-charged vector polarizations with their effective mass given by (13) with ν 1 = 1/2 and m = y/(2πα ′ ). To detect the pair production, we need to set eE ′ = m 2 eff for the former and eE = m 2 eff for the latter. The former gives the brane separation in the range of y 0 < y ≤ y 0 + 0.1 l s while the latter gives y 0 < y ≤ y 0 + 10 −21 l s for which we take M s ∼ a few TeV and here y 0 = π l s the brane separation at which tachyon condensation occurs. So for the former ∆y = 0.1 l s while for the latter ∆y = 10 −21 l s , this great difference of range relaxes the four conditions mentioned in the Introduction for the former against the latter.
For the D3/(D3, (F, D1)) system, we have considered three sub-cases in section 3. The sub-case 1) looks almost identical to that of the D3/D1 system but with an important difference. It does not need the fourth condition obtained from the requirement of a laboratory detection of the rate for the latter system as mentioned in the Introduction. In other words, for detecting the rate for this sub-case, the corresponding laboratory can be placed in any place in our D3 so long the brane separation meets the first three conditions. This remains true for all the three sub-cases considered for this system. Apart from this, the sub-case 3) looks also almost the same as that for the D3/(F, D1) system. For each of the cases/sub-cases considered in [1] and in this paper, except for the sub-case 2 considered in the previous section, the corresponding pair production rate has the only contribution from the pair of the charged/anti-charged vector polarizations with the lowest mass m eff given in (13) with ν 1 the same order of 1/2 in general. However, for the sub-case 2), the story is different. All 16 pairs of charged/anti-charged polarizations, including 5 pairs of charged/anti-charged massive scalars, 4 pairs of charged/anti-charged massive spinors (each spinor has two polarizations) and one pair of charged/anti-charged massive vectors (each massive vector has three polarizations), contribute to the pair production rate. Each of these modes or polarizations has basically the same mass m = y/(2πα ′ ).
Given the large quantized electric flux eE ′ = M 2 s /(20π), as discussed in the previous section, this seems to provide the best scenario for the rate detection. This is very different from what has been considered, for example, in [4] , for two D3 placed parallel at a separation y with our own D3 carrying only the small laboratory collinear electric and magnetic fields. For the latter, that the 16 lowest mass modes of 8 B and 8 F of the open string connecting the two D3 all share this same mass m = y/(2πα ′ ) is due to the unbroken 16 supersymmetries of the system in the absence of the applied laboratory fluxes. So this open string scale m = y/(2πα ′ ) should be no less than TeV due to that the Large Hadron Collider (LHC) at CERN has not found any supersymmetry yet at this scale. Because of this and the available laboratory electric flux eE ∼ 10 −21 TeV 2 being too small, it becomes impossible to detect this pair production as discussed in [4] unless there is some other good reason. However, this will not pose a problem for the present consideration. Note that the quantized electric flux eE ′ = M 2 s /(20π) can be large enough to be comparable to the scale m 2 = (y/(2πα ′ ) 2 even if m > TeV. This can be easily realized if the string scale M s is no less than a few TeV. So this does appear to give us the hope for the detection of the underlying pair production. If we take m = y/(2πα ′ ) > a few TeV for all the other cases considered in this paper, similar discussion or the one following [1] for the D3/D1 can also be given.
Given what has been said, we do have an issue here on the actual detection. Unlike the system of two D3 placed parallel at a separation but carrying no quantized flux(s), we have here an attractive interaction between our D3 and the D1 (or (F, D1) or (D3, (F, D1))). As such we need the underlying system to meet the four or the first three conditions mentioned in the Introduction (or the corresponding relaxed ones). This implies that the pair production, if it occurs indeed, must be in a short period of time (and still transient even with the relaxed conditions). So we have to be lucky enough to catch this short time window to make the detection when the detectable pair production occurs. This surely gives an uneasy task for the detection even if all the conditions are met ideally.
Our above discussion provides also a useful way to determine the lower bound for the string scale M s . For example, setting eE ′ = m 2 for the pair detection, we have M s = (20π) 1/2 m. From this and m > a few TeV, we have the string scale M s > a few TeV.
